Our understanding of higher order chromosome structure has been transformed through statistical mechanicsbased computer simulations of polymer chains. A new study exploring basic electrostatic interactions demystifies how chromosomes regulate their state of compaction over several orders of magnitude.
Chromosomes provide the mechanism for compacting 2 meters of DNA into a 5-10 mm mammalian cell nucleus that allows exquisite access to a few, but highly specific, percent of the genome. Chromosomes have captured the attention of cell biologists for over 125 years, when Fleming first reported the remarkable cycles of compaction and decompaction during cell division [1] . It wasn't until the structure of DNA was determined in 1953 that molecular models of chromosome organization could be built. Some of the early models focused on how a water lattice functions in structuring the DNA. This led to work from Cole who proposed primary and secondary coils that are generated by neutralizing charged groups on one side of the helix, weakening the interaction between the DNA polymer and water, thus leading to bending of the chain [2] . The early drawings are reminiscent of depictions in the current literature. The physiologists experimented with divalent cations, finding that the chromosome compaction/decompaction cycle could be largely accounted for by depletion (decompaction) and addition (compaction) of Mg 2+ [3] .
A second major insight into the material properties of DNA/chromosomes came from single-polymer dynamics. Watching individual molecules extend under flow led Perkins et al. [4] to propose that the behavior of the DNA polymer can be captured using bead-spring chains (known as worm-like chains) with entropic elasticity. From the polymer-physics perspective, we know that if we place many chains (i.e., chromosomes) in a confined space, there is an entropic penalty for mixing [5] . The findings from Cremer et al. [6] provided the first experimental evidence for chromosome territories, foreshadowing the power of polymer models in decoding the 4D nucleome [7, 8] .
The field of chromosome physiology was on hiatus while molecular geneticists worked on the parts list of histone and non-histone chromosomal proteins, their modifications, and the pathways toward chromatin assembly and remodeling. At this junction, we can turn our attention back to the higher order organization of the chromosome.
A refreshing look at the regulation of chromosome structure has been taken in Maeshima et al. [9] over a short time frame would at least put a dent in the free pool of ATP. Thus, through ATP depletion and release of free Mg 2+ , there are two basic chemical changes that will promote chromosome condensation from first principles. The intrigue in the Maeshima et al. [9] study is how far basic electrostatic interactions and thermodynamics might take us into understanding the inner workings of the chromosome. Techniques such as 3C and Hi-C that enable mapping of intra-and inter-chromosomal contact sites genome-wide [12, 13] have propelled simple bead-spring polymer models of the DNA to the forefront of the field (Figure 1) . A remarkable degree of fine structure can be gleaned from mapping contact sites as a function of chain dynamics being bombarded by water [14] . However, the fine structure from such Brownian motion analysis is in constant flux, and unlike the situation in living cells, changes with every successive time step. To package the chromosome into the confined nucleus and build substructure that defines cell identity, critical protein components together with polymer chain dynamics are required to transform random interactions into shapes and fine structures that can be propagated over cell cycle and developmental time. The degree of linear compaction is on the order of 10,000X (2 meters DNA/46 chromosomes in diploid = 43 mm average chromosome 1 x 1 x 5 micron: 43 mm/5 mm 10,000). We can make a similar calculation in terms of chromosome volume. The volume of a random polymer coil can be estimated from the radius of gyration (Rg = (ON x a)/O6) [15] . A polymer is defined by its contour length (Lc) and length scale over which the polymer is on average stiff, or more precisely the length scale over which vectors tangential to either end of the polymer are correlated (persistence length Lp, for DNA = 50 nm). a is the Kuhn length 2 X Lp = 100 nm, and for the genome, N is the number of a monomers (Lc/a in bp) = 2 x The SMC (structural maintenance of chromosomes) proteins are major contributors to chromosome organization [16] . The SMC proteins are characterized by intertwined coiled-coil domains that have hinges at both ends, enabling them to embrace a DNA strand dynamically. They come in different forms, known as cohesin (SMC1,3), condensin (SMC2,4) and SMC5,6 in budding yeast and participate in sister chromatid cohesion, chromosome condensation, DNA repair, among others. Continuing the theme of deriving function from basic chemical and thermodynamic principles, we can consider the role of the ring complexes with the elastic properties of long-chain polymers. The fact that a subset of intra-and inter-chromosomal contacts are propagated in time reveals there are specific linkages maintained by SMC or other protein complexes. These linkages can be in the form of cross-links between two strands, or in the case of ring complexes, can be slip linkages. A slip link is a molecular pulley in which two polymer strands (DNA) can slip with respect to each other as they slide through the pulley. Sliplink pulleys have received a great deal of attention in the materials sciences due to unique properties they confer to the network [17, 18] . To make a slip-link gel, one threads the polymer (in this case a high molecular weight polyethylene glycol) through a ring-shaped molecule (a-cyclodextrin) to form a polyrotaxane gel. The cross-links are freely movable in the polymer network. The feature of polyrotaxane germane to chromosomes is their ability to change volume 400X while preserving their morphology. This mimics the behavior of chromosomes as they . Slip-link gels are unique relative to fixed cross-link gels in the distribution of tension across the network and in their increasing strength as deformation is increased. Slip-link networks have significant implications in the distribution of tension between sister kinetochores in mitosis [19, 20] .
The beauty of Maeshima et al. [9] is the opportunity to pursue another important aspect imbedded in polymer physics models, namely the effects of solvent. The quality of the solvent (i.e., the nucleoplasm) influences whether polymer chains tend to repel one another and dissolve, or stick together and precipitate out (condense). There remain additional secrets to be ferreted out in the world of chromosomes.
The vascular permeability barrier must be maintained in response to changes to vessel calibre, shear stress and blood pressure. A new study reveals a remarkable mechanism for flow-mediated regulation of permeability: Notch1 activation leads to the assembly of GTPase signalling complexes at VE-cadherin contacts and a strengthening of the endothelial barrier.
Blood vessels enable nutrient transport throughout the human body. The inner vessel lining -the endothelium -forms a barrier to separate blood from parenchymal cells. The tightness of this barrier is organ specific [1] and allows the proper exchange of fluid and plasma metabolites across the capillary wall to maintain homeostasis and to prevent
